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Abgract

88 edimates of the margina cogts of carbon dioxide emissons were gathered from 22 published
gudies and combined to form a probability dengty function. The uncertainty is srongly right-
skewed. If dl studies are combined, the mode is $5/tC, the mean $104/C, and the 95 percentile
$446/tC. Studies with alower discount rate have higher estimates and amuch greeter uncertainties
Smilarly, Sudies which use equity weighing, have higher estimates and larger uncertainties.
Interestingly, Sudies thet are pear-reviewed have lower estimates and smdler uncertainties Using
standard assumptions about discounting and aggregation, the margina costs of carbon dioxide
emissions unlikely to exceed $50/tC, and probably much smdler.
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1. Introduction

Climate changeis one of the mgor environmenta concerns of today. People may argue that dlimate
changeis aproblem because it would cause unacceptable hardship for particularly vulnerable
populations. Others are concerned about the potentia threet to particular unique and vauable
ecosysems. Still others worry that dimate change would increase the probability of large-scade
cimateingabilities. Some are concerned about the aggregate impacts of dimate change. They

argue that emission reduction is coglly too, and that abatement costs should be balanced againgt the
avoided cogts of climate change (Smith et al., 2001). This paper particularly catersto the last reason
for concern.

A key chdlenge when assessing the impacts of dimate change is the need to reduce the complex
paitern of locd and individua impacts to amore tractable set of indicators, so that impactsin
different regions, sectors or systlems can be summarized and compared in ameaningful way.
Variousindicators have been advanced, such as number of people affected (e.g., Hoozemanset al .,
1993), changetotd plant growth (White et al., 1999), runoff (Arndl, 1999), and number of systems
undergoing change (eg., Alcamoet al., 1995). Such “physicd” metrics may be suited to messure
the impact on naturd systems but they are inadequately linked to human welfare, the ultimate
indicator of concern, particularly for systems that are managed by humans. Some recommend the
use of different metrics for different types of impacts (Schneider, 1997). Composite vulnerahility
profiles have been proposed but not fully implemented (eg., Downing et al., 2001). Thefind
comparison and aggregation are |eft to policy makers, asisthe trade- off between avoided impacts
and the codis of emisson reduction.

If the a@m isto explicitly compare the impects of dimate change with mitigation codts it is
necessary to express the benefits of mitigated climate change in the same metric as the codts of
emisson reduction, that ismoney (Pearce et al., 1996; Smith et al., 2001). Thismetricis
particularly well suited to measure impacts that are linked to market transactions and directly affect
GDP. Usng amonetary metric to express nortmarket impacts, such as effects on ecosysems or
human hedth, is more difficult but not imposshble. But economic vauation can be controversid,
and requires sophidicated andysis that is il mogtly lacking in adimate change context (eg.,
Pearceet al., 1996).

Expressing total impactsin monetary termsis not sufficient to dlow for a congstent comparison of
the (avoided) impacts of climate change to mitigation codts, or to compare climate palicy to other
policies, eg. on education, public hedlth care, or urban ar qudity. To be able to do that, one needs
to gain an underdanding of the impact of climate change a the margin, i.e. the effect that can be
achieved by asmdl dteration in greenhouse gas emissons.

Edimates of the margina cogts of carbon dioxide emissons, however controversd and uncertain,

are usful if only to provide abenchmark for the costs of emission reduction policies. In this paper,
| review 22 sudies of margind cogts, which produced atota of 88 esimates, and combine these

edimatesto form ajoint probability dengty function.

In Section 2, | discussthe limitations of dimeate change impact sudies, which are briefly reviewed
in Section 3. Section 4 discusses the 22 sudies of margind cogs of carbon dioxide emissons, with
afurther interpretation given in Section 5. Section 6 concludes.



2. Limitations
Research into the economic impects of dimate changeis dill & an early dage.

A mgor difficulty in impact assessment is our il incomplete understanding of dimate change,
paticularly itsregiond details (Mahiman, 1997). Impacts are loca, and impects are related to
westher variability and extremes. Current dimeate change scenarios and current dimeate change
impact sudies use crude spatia and tempord resolutions, too crude to capture a number of essentid
detalls that determine the impacts

Knowledge gaps continue & the leve of impact andyds. Despite a growing number of country-
level case sudies (e.g., U.S. Country Studies Program, 1999), our knowledge of loca impactsis
il too uneven and incomplete for a careful, detailed comparison across regions. Furthermore,
differencesin assumptions often make it difficult to compare case dudies across countries. Only a
few studies provide a coherent globd picture, but even these assessments are often based on case
sudies with amore limited scope, which are then extrgpolated to other regions. Such extrapolation
isdifficult. Not al anadyses are equaly careful in undertaking this task.

While our undergtanding of the vulnerability of developed countriesisimproving — at least with
respect to market impacts — good information about devel oping countries remains scarce. Non
market damages, indirect effects, horizonta interlinkages, and the socio-palitica implications of
change are d <o il poorly understood. Uncertainty, trangent effects, and the influence of changein
cimate variability are other factors that deserve more attention.

Adaptation is hard to capture adequatdly in an impact assessment. Adaptation will entail complex
behaviord, technologicd and indtitutional adjusmentsa dl levels of society, and not dl populaion
groups will be equally adept at adapting. The goals of adgptation are not away's the same across
dudies. For example, in some sudies the (implicit) god isto maintain current cropping petterns,
others want to maintain current farmers: incomes, or adjugt existing practices in the most efficient
manner. Different god's lead to different adgptation costs and different resdud impacts. Various
gpproaches are used to model adaptation (e.g., patid ana ogues, micro-economic modeing), but
they dl ether underestimate or overesimate its effectiveness and cods. Impact dudies are largdy
confined to autonomous adaptation, that is, adaptations that occur without explicit policy
intervention from the government. But in many cases governments too will embark on adaptetion
policesto avoid certain impacts of climate change, and may sart those policieswe | before criticd
climatic change occurs. Current sudies lump together adaptation costs and residua impacts. Tol et
al. (1998) atempt to separate the two, concluding that adaptation is treeted very differently not only
in different sudies but dso in different sectors. For instance, adaptation costs only are congdered in
energy demand, whereas adaptation is excluded from dimate change impacts on unmanaged
ecosystems.

There are strong links between adaptation and other socio-economic trends. The world will
subgtantidly change in the future, and thiswill affect vulnerability to dimate change. For example,
asuccessful effort to develop amaaria vaccin could reduce the negetive hedth effects on mdaria
risk. A less successtul effort could introduce antibiotic-resistant parasites or pesticide resstant
mosquitoes, increasing vulnerahility to climate change. The growing pressure on natural resources
from unsugtainable economic development islikely to exacerbate the impacts of climate change.
However, if this pressure leads to improved management (e.g., water markets), vulnerability might
decrease. Even without explicit adaptation, impact assessments therefore vary depending on the



‘type of socio-economic development expected in the future. The sengitivity of estimatesto such
basdline trends can in some cases be strong enough to reversethe Sgn, i.e, apotentidly negetive
impact can become poditive under a suitable development path or vice versa (Mende sohn and
Neumann, 1999).

Aggregating impacts requires an understanding of (or assumptions about) the relative importance of
impactsin different sectors, in different regions and at different times. Thisinvolves vadue
judgments The task is smplified if impacts can be expressed in a common metric, but even then
aggregation is not possible without vaue judgments. Azar (1999), Azar and Sterner (1996) and
Fankhauser et al. (1997, 1998) discuss regiond aggregetion, Arrow et al. (1996) and Weyant and
Portney (2000) aggregation across time and Rothman (2000) across sectors.

3. Impacts of climate change

A number of Sudies have estimated the totd impact of dimate change in different regions of the
world. Table 1 shows aggregeate, monetized impact estimates for adoubling of atmaospheric carbon
dioxide on the current economy and population from three recent sudies and the earlier review by
Pearceet al. (1996). The numerica results remain speculdive, but they provide ingghts on Igns,
orders of magnitude, and patterns of vulnerability. Results are difficult to compare because different
sudies assume different dimate scenarios, make different assumptions about adaptation, use
different regiond disaggregation and include different impacts. The Nordhaus and Boyer (1999)
edimates, for example, are more negative than others, partly because they factor in the possibility of
catagrophic impact. The Mendelsohn et al. (1996) and Tol (20028) estimates, on the other hand, are
driven by optimistic assumptions about adaptive capacity and basdine deve opment trends, which
results in mostly beneficid impacts.

Standard deviations are rarely reported, but likely amount to severd timesthe ‘best guess . They are
larger for developing countries, where results are generdly derived through extrgpolation rather

than direct estimation. Thisisillugrated by the Sandard deviations estimated by Tol (20024),

which, however, probably gill underestimate the true uncertainty, for example because they excude
omitted impacts and severe dimate change scenarios.

Ovedl, the current generation of aggregete estimates may underdtate the true cost of dimate
change because they tend to ignore extreme weether events; underestimate the compounding effect
of multiple Sresses; and ignore the codts of trangtion and learning. However, Sudies may dso have
overlooked positive impacts of dimeate change and not adequately accounted for how deve opment
could reduce impacts of dimate change.

While our underganding of aggregate impacts remains limited, it is congantly improving. Some
sectors and impacts have gained more andyticd atention than others, and as aresult are better
understood. Agricultural and coagta impactsin particular are now well sudied. Knowledge about
the hedth impacts of dimate change isdso growing. Severd attempts have been made to identify
other non-market impacts, such as changes in aguatic and terrestrid ecologicd sysems, and
ecosystem sarvices, but a clear and compatible quantification has not yet emerged. A few generic
patterns and trends neverthel ess gppear:



- Market-impacts are lower than initidly thought, and may be in some countries and sectors
positive— at least in developed regions. The downward correction islargdly due to the effect of
adgptation, which ismore fully captured in the latest estimetes.

- Bven 0, market impacts could be sgnificant in some conditions, such asargpid increasein
extreme events, which might lead to large losses and/or cogtly over -adaptation.

- Non-market impacts will be more pronounced then early aggregate Sudies conveyed, as many
(but not dll) of the effects that have not yet been quantified could be negative. Thereis concern
about the impact on human hedth and mortality, but particularly the impact on water resources
and ecosysemsis not well understood.

- Deveoping countries are more vulnerable to climate change than developed countries because
their economies rly more heavily on dimete-sengtive activities, many dready operate doseto
environmental and climatic tolerance leves, and the lack of technical, economic and
inditutional resources may prevent successful adaptation.

- Differencesin vulnerability will not only be observed between regions, but aso within them.
Someindividuds, sectors, and systems will be less affected, or may even benefit, while other

individuds, sectors, and systems may suffer sgnificant losses.

- Egimaesof globd impact are senstive to the way figures are aggregated. Because the most
Ssevere impacts are expected in deve oping countries, the more weight is assigned to developing
countries, the more severe are aggregate impacts. Net aggregate benefits do not preclude the
possibility of amgjority of people being negatively affected, and some population groups
sverdy 0.

Most impact studies assess the consequences of dimate change & a particular concentration level or
aparticular point in time, thus providing agatic “sngp shat” of an evolving, dynarric process. One
of the main challenges of impact assessmentsisto move from this gatic andyssto adynamic
representation of impacts as afunction of shifting dimate characterigtics, adgptation measures and
exogenous trends like economic and population growth. Little progress has been madein this
repect, and our understanding of the time path aggregate impacts will follow under different
warming and development scenarios, is dill severdy limited (see Sohngen and Mendelsohn, 1999;
Tol, 2002b; Tol ad Dowlatabadi, 2002; Yohe et al., 1996).

4. Marginal cost estimates

The margina damages caused by ametric ton of carbon dioxide emissonsin the near future were
esimated in the Second Assessment Report at US$5 — 125 per tC. Mot estimates are in the lower
part of that range, and higher estimates only occur through the combination of a high vulnerability
with alow discount rate (see Pearce et al ., 1996). Td et al. (2001) review more recent Sudies as
well. They concur with Pearce et al. (1996), concluding that “estimates in excess of $50/tC require
relaively unlikey scenarios of dimate change, impact senstivity and economic vaues’. How

robust are these conclusions?

Table 2 ligs 22 sudies of margind costs of carbon dioxide emissons. Table 2 dso incdudesthe
average of the margind cogs estimates. Four dternative averages are used. Firdly, thesmple



averageis cdculaed. The advantage isthat thisis “ objective’, the disadvantage is that sudies
which report dternative estimates count more Secondly, each sudy is given equd weight — with
the exception of Eyre et al., Hope and Maul, and Tol and Downing, which report results from two
independent models and therefore receive a double weight. For those sudies that report dternative
edimates, | distributed the weight according to the preference expressed by the origind author(s).
Thirdly, | added subjective qudity weights. These condst of five criteria |sthe Sudy peer-
reviewed? |s the sudy based on an independent impact assessment? | sthe study based on dynamic
climate change scenaio? |s the sudy based on economic scenarios? Does the sudy esimate the
margind cods (rather than average cogts)? The maximum score is five, the minimum is zero. In
addition, | add the age of the study, with 0.1 points per year snce 1990. Fourthly, the same weights
are used but only peer-reviewed sudies are included.

The meen of esimatesis $109tC, with astandard deviation of $217/tC. Using the author-weights,
the mean is $141/C, with a standard deviation of $353/tC. The explanation of thisincreaseis thet
some studies (Azar and Sterner, 1996; Tol, 1999) ddliberately reproduce the low estimates of
Nordhaus (1994) and then argue that his assumptions are biased. The qudity-weghtsresultina
mean of $9B/C, with a tandard deviation of $278/C. Clearly, some of the highest estimates are
based on faulty methods (eg., Hohmeyer and Gaertner, 1992). Excluding the studies that were not
reviewed, the mean is $45/tC, with a standard deviation of $47/tC. The highest estimates never
mede it through peer review.

Some sudies report sandard deviations, confidence intervals or even an entire probability densty.
Mogt studies, however, report only a*“best guess’. For those udies, | assumed thet they are
digributed normdly, with the sandard deviation equd to (the absolute vaue of) the mean. For
sudies that report a tandard deviation, | dso assume the digribution is norma. For studies that
report a confidence interva, | use a combined exponentid and negative exponentid didribution —
with the middle of theintervd if no best guessis reported.

Fgure 1 shows the 83 probability dengty functions. It o contains a composte probability dendty
function. The compogite probability densty function is besed on “vote counting”. For each interva
of margind cogs— theintervd is 1$tC — each study gives avote, corresponding to the relative
probability in each sudy; the composite use the same “qudity” weights as above.

Fgure 2 digolays the same qudity-weighted composite PDF aswdl asthe composite PDF if only
peer-reviewed sudies are consdered. Figure 3 digplays the corresponding cumuletive dengty
function. Table 3 shows some characterigtics of the uncertainty. Both the table and the figures show
that a subgtantid part of the larger cost estimates are in the so-cdled gray literature; the peer-
reviewed work isless pessmidic about the impacts of dimate change. The mean margind cog, for
ingtance, is $57/tC in the peer-reviewed literature but $104/4C in dl literature. The gray literature
aso contributes subgtantidly to the large uncertainty. The 90-percentile margind cog, for instance,
is $199/tC in the peer-reviewed literature but $147/4C in al literature.

Table 3 ds0 indudes the characterigtics of the compodite probability dendty function if the

coefficient of variation isnot set a 1.0 for those sudies that do not specify the uncertainty, but at
0.5 and 1.5. The composite probability dengty function is robust againgt such variaions.

5. Interpretation



Figures 1 and 2 show an enormous uncertainty. Much of this uncertainty isin fact dueto two
assumptions, viz. the discount rate and the aggregation of monetized impacts over countries. Azar
and Sterner (1996) and Tol (1999) report extensve sendtivity andyses about this. Limiting our
sample to these two sudies, we estimate the following rdationship

1) MC = - 405+ 187 PRTP- 013()) PRTP*TH +0.22TH +106 EW; R? = 0.67;N = 31

(126)  (62) (0.0 (0.05) (3D

whereMC ismargind cods PRTP is pure rate of time preference, THistime horizonand EWisa
dummy for eguity weighting. All parameter estimates deviate sgnificantly from zero at the 5%

levd. With atime horizon of 2100, the margind cost esimeate fdls by $234C for every 1% increase
inPRTP. Equity weighting adds some $106/C to the margina cogt esimate. Thisis only valid for a
limited sample of the data, though. Let uslook a dl data

Fgure 4 shows the probability dengty functions of the margind costs of carbon dioxide emissons
for those studies with and those studies without equity weghting. Although the mode and
expectation do not differ much, the sudies with equity weighting dearly put alot more weight on
high margina cogts (cf. Table 3). The 90- percentile margind cog, for ingance, is $328/tC with
equity weighting but $1114C without.

Fgure 5 shows the cumulative dendty functions of the margind cods for those studies with a 3%

pure rate of time preference (or a 5% consumption discount rate), a 1% pure rate of time preference,
and a0% (or less) purerate of time preference. The effect is striking. Not only the expected vaue
and the mode are lower for lower discount rates (the mode is $3/tC for 3%, $5/tC for 1%, and
$14/tC for 0%; cf. Table 3), but dso the uncertainty is much reduced. The 90-percertile margina
cod, for instance, is $27/tC for a 3% pure rate of time preference, $140/tC for 1%, and $1478/tC for
0% or less. In fact, both Figure 5 and Table 3 show that the uncertainty about the margind codsis
largely driven by the discount rate, and the composite dendity functions (for al time preferences)
behave asif the utility discount rate is somewhere in between 0 and 1%.

6. Concluson

Actively working in the area of externd cods of energy in generd and dimate change in particular,
| am often confronted with people who argue that dimate change is too uncertain to say anything
about the margina costs of carbon dioxide emissons. The uncertainties are indeed subgtantia, but
not as large as these people think. This paper has made the following conclusons possible. Fird,
there are no less than 22 studies of the margind cogts of carbon dioxide, authored by 12
independent (teams of) scholars, 9 of whom report origind work on the underlying estimates of the
economic impeacts of dimate change. These studies contain atotd of 88 estimates, induding awide
aray of sengtivity andyss. Thereistherefore an empirica basis, dbeit asmdl one.

If we take dl studies without discriminating between them, the best guess for the marginad codts of
carbon dioxide emissonsis $5/tC, but the mean is $104/tC. This difference reflects the large
uncertainty combined with the notion thet negative surprises are more likely than pogitive ones.

However, there are good reasons to discriminate between sudies, and this has a sysematic effect on

the combined margind cost estimate. It appears that sudies with better methods yield lower
esimates with smdler uncertainties than do studies with worse methods. If one excludes the udies



in the gray literature, the combined margind cost edtimate fdls further, and so doesits uncertainty.

It ssems asif the mogt pessmidtic estimates of dimate change impacts do not withstand a qudity

test. Alternatively, referees may have blocked publication of results thet are too far out of the
consensus range. There are two “ethicd” parameters that flow into amargind cost esimate. The

firg is the aggregetion over time (the discount rate). The second is the aggregation over countries
(equity weighing). Equity weghing leads to ahigher edimate of the margind cogts and particularly

to grester uncertainty (Tol, 2003; Y ohe, 2003). Although equity weighing is theoretically sound
(Fankhauser et al., 1997, 1998), it does pose an idedlized worldview on the esimates. In redity, the
rich do not care much for the poor.

The discount rate has an even sarker influence on the centra estimate but particularly on the
uncertainty. If we use a pure rate of time preference of 3% -- corresponding to asocid rate of
discount of 4-5%, close to what most western governments use for most long term investments— the
combined mean estimate is $11/tC, not exceeding $37/tC with a probability of 95%. Lower socid
rates of discount lead to higher estimates but particularly to greeter uncertainty, but even for al1%
pure rete to time preference the combined mean is $49/tC. Even lower discount rates may be
mordly preferable, but are dearly out of line with common prectice.

One can therefore safdy say that, for al practica purposes, climate change impacts may be very
uncertain but is unlikdly that the margind costs of carbon dioxide emissions exceed $50C and are
likely to be subgtantidly smdler than that.
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Table 1. Edtimates of the regiond impacts of dimate change?

Pearceetd. Mendelsohn et al. Nordhaus/ Boyer Tol
25°C 15°C 25°C 25°C 10°C
North America -15 34(12)
USA -1.0to-15 0.3 -05
OECD Europe -1.3 3722
BU 14 -2.8
OECD Paaific -1.4t0-2.8 10(1
Japan -01 -05
Eastern Europe & fUSSR 0.3 20(398)
Eastern Europe -0.7
fUSSR 0.7
Russia 111 0.7
Middle East 4.1 2.0 1122
Latin America 4.3 -0.1(0.6)
Brazil -14
South & Southeast Asia 8.6 -1.7(1L1)
India -20 -4.9
China -4.7t0-5.2 18 -0.2 21(5.0"°
Africa 8.7 -39 -4.1(2.2)
DCs 0.12 0.03
LDCs 0.05 -0.17
World
output weighted -15t0-20 01 -15 23(10
population weighted -19
at world average prices -2.7(0.8)
equity weighted 02(1.3

“ Figures are expressed as impacts on a society with today’s economic structure, population, laws etc. Mendelsohn et
als estimates denote impact on a future economy. Estimates are expressed as per cent of Gross Domestic Product.
Positive numbers denote benefits, negative numbers denote costs.

b Figuresin brackets denote standard deviations. They denote alower bound to the real uncertainty
¢ high-income OPEC

4 China, Laos, North Korea, Vietnam

Source: Pearceet al. (1996); Mendelsohn et al . (1996); Nordhaus and Boyer (2000); Tol (1999a).



Table2.

Study CEst. Unc. |CDR[PRTP| TH [EW[AW | PR|New{MQDynScen
Ayres& Walter (1991) 1190 1 |200{N| 1 [Y| Y|[N|[N|N
Nordhaus (1991) 268 1 200N 1 |[Y|[Y[N| N[N
Cline (1992) 581240 20N 1 [N[Y|Y[N[Y
Hohmeyer & Gaertner (1992) | 1666.7 0 20( N[ 2 IN[Y|N[N]|]Y
Nordhaus (1993) 50 3 |220/N| 1 |[Y|N|J]Y|N[Y
Peck & Teisberg (1993) 100 320N 1T [Y|[N|Y[N|]Y
Reilly & Richards (1993) 143 5 200N 5 |[Y[N|Y|[N| N

212 5 2100 N[ 5
Fankhauser (1994) 203 | 624527 0[N 1 [Y[ Y| Y[N] Y
Nordhaus (1994) 53 3 |220|/N| 1 [N|JY|Y|N|Y
Maddison (1995) 165 5 200N 2 [Y[N]JY[N|Y
Plambeck & Hope (1996) 30 106.0° 5 20IN[ 3 [Y[Y]|Y|[N|Y

80 3.012.0° 5 20| N[ 1

80 6.0180° | 5 200 N 1

180911250 T4-01881 TcORT (180 TifN11950 TD -02467 Tc(-)TilrN130 T4-0188148T (180 Til157545 TD/F1675 Tfl10003 Tc (a3[]
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16/90
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4100

12/90

95.0

4/90

98.0

8/90

39.0

2/90

39.0

4/90

Downing et a. (1996)

535

183




56.0 3 2100 .05
3170 | 15809620 | 0 2100 .05
2430 0 2200 01
1420 0 2100 01
360.0 0 2100 01
3480 0 2100 01
2880 0 2100 01
1710 | 81051207 | 1 2100 05
1720 1 200 01
730 1 2100 01
1920 1 2100 01
187.0 1 2100 01
156.0 1 2100 01
260 | 11.0770° | 5 2100 10
260 5 2200 .02
9.0 5 2100 .02
280 5 2100 .02
280 5 2100 .02
250 5 2100 .02
6.0 20170 |10 2100 .05
6.0 10 2200 01
20 10 2100 01
6.0 10 2100 01
6.0 10 2100 01
6.0 10 2100 01
Nordhaus & Boyer (2000) 59 2300 1
Tol & Downing (2001) 26.1 2100 1




35 2100] N| 1
153 2100 1
51 37 2100 N| 8
Tol (2002) 199 2150 N | V12
161 2150| Y | 212
38 2150 N | 2/12
66 2150| Y |4/12
66 2150 N | V12
-05 2150| Y | 212

“90% confidence interval.
b 80% confidenceinterval.

¢ Standard deviation.




Table 3. The probability characteristics of the marginal costs of carbon dioxide emissions ($/tC).

Mode Mean 5% 10% Median 0% 95%
Base 5 104 -10 2 13 199 446
Peer-reviewed only 5 57 -6 0 13 147 307
CoV=0.5 5 104 -16 9 16 190 463
Cov=15 5 107 -36 9 13 222 489
No equity weights 5 99 -7 -1 10 111 425
Equity weights 7 118 -39 7 53 328 49
PRTP=3% only 3 11 -6 2 7 27 37
PRTP=1% only 5 49 -21 3 23 140 14

PRTPO0% only 14 433 -103 -16 134 1478 244
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Figure 1. The probability density functions of the 88 estimates of the marginal costs of carbon dioxide emissions (gray)
and the composite probability density function (black).
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Figure 2. The composite probability density function of the marginal costs of carbon dioxide using author weights
(gray) and quaity weights (black).
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